In this essay we argue that infant temperament, defined as behavioral styles that appear early in life as a direct result of neurobiological factors, plays a significant role in the development and expression of social behavior. Temperament may be studied using a typological or dimensional approach and the relations between early temperament and later behavior can be examined in terms of homotypic or heterotypic continuity. The implication of each of these approaches for understanding the influence of infant temperament on social development is examined. As well, utilizing data from our laboratory, we suggest that under certain circumstances one can predict social behavior by identifying two temperament types in infancy. These types are high reactive/high negative infants and high reactive/high positive infants. A significant proportion of the high reactive/high negative infants display behavioral inhibition and social reticence through the preschool years, whereas a significant proportion of the high reactive/high positive infants display exuberance and positive social interaction through the preschool period.
As a culture and society we believe that experiences that occur in the early months and years of life will have a profound impact upon later psychological development (Kagan, 1996) . This belief is bolstered by compelling data such as those that identify the importance of early verbal input for the development of language (Huttenlocher, 1998) , or those that demonstrate the influence of early visual stimulation on perceptual development (Maurer, Lewis, Brent, & Levin, 1999) . The belief in the power of early experience has also been influenced by the psychoanalytic literature and by the more recent writings on attachment. Attachment theory, the current predominant theory of social development, emphasizes the importance of the first year of life in the development of social relationships. At the core of attachment theory is the belief that secure and trusting parent-infant relationships begin in the first year of life (Ainsworth, Blehar, Waters, & Wall, 1978; Bowlby, 1969) . The formation of an infant's first and primary social bond is thought to be dependent upon the experience of sensitive and responsive caregiving. Across all these domains-language, perception, and attachment-the infancy period is a critical time during which experiences lay the foundation for later competencies.
A different yet complimentary approach to the study of development is one in which emphasis is placed upon the contributions of individual differences in infant characteristics. These characteristics set the tone and create the conditions around which social interaction and development occur. Infants who smile and vocalize in response to social stimulation create an environment quite different from infants who are likely to fuss or cry in response to the same type of stimulation. Similarly, infants differ in their threshold for visual and auditory stimulation such that one infant may enjoy a certain level of stimulation while another might find it aversive. Characteristics such as affective disposition and sensory threshold serve as a filter through which sensory and perceptual stimuli are processed and therefore create the environments that infants experience. They are the individual differences around which infant cognition and personality develop. As such, infancy is an important time in which these differences first appear and in which developmental trajectories begin to be set.
In this essay we argue for the importance of understanding individual differences in infant behavioral style or temperament as a means for approaching the study of the origins of social development. We address the issue of continuity and change in infant temperament and provide evidence for the utility of an individual difference approach.
Temperament: Dimensions or Types?
What is temperament? Individual differences in infant temperament are thought to form the core of a child's personality. Temperamental differences refer to variations in behavioral styles, which appear early in life as a direct result of neurobiological factors, and represent predictable modes of response (Rutter, 1987; Thomas & Chess, 1977) . These behavioral styles have been considered as reflecting a series of dimensions along which the behavior of an individual infant may be described. Using a dimensional approach, Thomas and Chess view temperament as the product of a child's position on each of nine dimensions (Thomas & Chess, 1977; Thomas, Chess, & Birch, 1968 ).
An alternative approach to the study of temperament is to view individual infants as representing different temperamental types or categories. As such, particular behavioral styles represent unique types of individuals. Thomas and Chess attempted to bridge the dimensional and typological approaches by proposing a set of temperamental types based upon various commonly occurring combinations of the nine factors. They proposed three such types: difficult, easy, and slow to warm up. Infants who are irregular in body functions, withdraw in response to novelty, react to stimulation with great intensity, express high levels of negative affect, and have difficulty adapting to changes in the environment are called "difficult" infants. Infants who are low in activity level, withdraw in response to novelty, are slow to adapt, and somewhat negative in mood are described as "slow to warm up." And, infants who are high in regularity, adaptability, and approaching towards novelty, are considered "easy" in temperament.
Researchers have used these temperamental types, particularly the difficult type, to predict behavioral outcomes in later childhood. For example, Guerin, Gottfried, and Thomas (1997) found that maternal reports of difficult temperament at 1.5 years were related to both parent and teacher reports of behavior problems, including attention and thought problems, in middle childhood.
Other research on infant temperament has utilized the typological approach for studying continuity among a group of highly selected children. Kagan, Reznick, Clarke, Snidman, and Garcia Coll (1984) studied infants described as temperamentally fearful or inhibited. Following a typological approach, behaviorally inhibited infants are not simply higher on a dimension of fear or inhibition; they are qualitatively different than other infants. The "package" of their behavioral repertoire and physiological responses defines them as a type different from other infants.
Fox and colleagues also used a typological approach in order to identify a temperamental type of infant they call "exuberant" (Calkins, Fox, & Marshall, 1996; Fox, Henderson, Rubin, Calkins, & Schmidt, in press ). Infants classified as exuberant displayed a common set of behavioral and physiological responses beginning early in the first year of life. Specifically, they displayed a high degree of positive affect, a high frequency of approach behaviors, low levels of fear, a high degree of sociability, and left frontal EEG asymmetry as early as the first year of life (Fox et al., in press ).
The decision to study behavioral style or temperament from a dimensional or typological approach has implications for understanding continuity over development. The implications of a typological approach for explaining continuity may be illustrated by an analogy to medical conditions. Individuals may vary along a continuum in their blood sugar level. However, if an individual has a very high blood sugar level with a very low insulin level then that person has diabetes, which is a categorical condition. Although the patient may vary along certain parameters or dimensions the condition of diabetes is not dimensional. That is, individuals in a population are not more or less diabetic. The category provides the physician with a condition that can then be treated and controlled. Although that individual may use insulin to temporarily decrease the relative amount of blood sugar, they will continue as a diabetic. The underlying genotype is unchanged. The same applies to a typological approach to temperament. Individuals may vary along a certain dimension or may change over development on that dimension but they do not change type.
In contrast, dimensional approaches provide an index of an individual's standing relative to others in the population. For example, individuals vary in their level of systolic blood pressure and the level at which one is considered extreme (hypertensive) will vary as a function of population. Similarly, infants may vary along a dimension of temperament with extremes defined only as a function of population means and continuity defined as one's relative standing over time with respect to that population. A group of infants may reflect a type to the extent that there is homogeneity of a particular characteristic within the group as well as heterogeneity between that group and other children. Ideally, within group differences in the profile of behaviors of interest should be small relative to between group differences in the same profiles (Aksan et al., 1999; Caspi & Silva, 1995) .
The choice of a typological or dimensional approach will also influence the manner in which data are analyzed. A typological approach would require examination of within group similarities and between group differences in relevant variables, while a dimensional approach would require the use of correlational analyses over time. With the former approach, groups of individuals are expected to differ from others on predicted variables while with the latter approach individuals may maintain relative ranks or levels on certain variables over time. A typological approach may also be more consistent with an extreme group analysis. Such analyses select arbitrary cut-off points for target variables and create groups based upon these cut-offs. Group differences are then examined. Note that the extreme group approach may be utilized with either a typological or dimensional approach to the study of temperament.
The Biological Basis for Temperament
Temperament is thought to describe those aspects of behavioral responding that are not due to interactions with caregivers or other environmental influences, but rather those aspects that are present from birth and biologically based. For example, in Rothbart's model of temperament the general factor of reactivity is seen as being directly related to the responsivity of the nervous system to sensory stimulation (Rothbart & Derryberry, 1981) . Individual differences in the young infant's reactivity are a result of the excitability of the nervous system and can be measured using autonomic, endocrine, and central nervous system changes in response to stimulation. Similarly, in Kagan's model of temperamental inhibition, infants vary in the degree of their reactivity to novelty and mild stress as a function of the excitability of certain nuclei within the amygdala and surrounding regions such as the Central Gray (Kagan, Reznick, & Snidman, 1987) . This model relies heavily on data from researchers such as Davis (1992; Davis, Hitchcock, & Rosen, 1987) and LeDoux (1987 LeDoux ( , 1989 who described the neural circuits and structures in the brain stem and mid-brain that are associated with animals' heightened fear responses as a result of conditioning. Davis et al. (1987) and LeDoux (1987 LeDoux ( , 1989 identified the neural systems involved in rats' fear responses during a classical conditioning paradigm involving a tone or light and shock. This system appears to underlie both the behavioral (e.g., startle, freezing, and negative vocalization) and physiological (e.g., increased heart rate and stress hormone) signs of fear demonstrated by the rats. LeDoux further argued that human fear reactions originate from the same neural system. This neural system centers around the amygdala and in particular the central nucleus of the amygdala which appears to function as a way station organizing sensory input and sending afferent information to other mid-brain nuclei including the Central Gray and lateral hypothalamus. Kagan considers individual differences in behavioral reactivity to novelty as indicators of differences in these underlying neural processes (Kagan et al., 1987) .
Yet a third model of temperament is one that centers on individual differences in two independent systems of motivation that are present from birth (Fox & Davidson, 1984) . These two systems, approach and withdrawal, are common to most organisms and underlie the expression of affect and basic exploratory behaviors. Infants differ in the degree to which they respond with either approach or withdrawal responses when presented with novel or mildly stressful stimuli. Included in these responses are the expression of certain emotions and motor behaviors associated with either approach or withdrawal. For example, infants with a predisposition to respond with approach behaviors are more likely to display positive affect and motor behaviors involving exploration. In comparison, infants with a predisposition toward withdrawal may be more likely to display negative affect and the motor behaviors associated with freezing or fleeing. The approach and withdrawal systems appear to be lateralized between the two hemispheres of the frontal cortex with left frontal regions being associated with approach-related behaviors and right frontal regions being associated with withdrawal. These lateralized differences and their relations to predispositions to respond to novelty have been identified in infants during the first year of life, in children who vary in temperamental style, and in adults who differ along specific personality dimensions. For example, Davidson and Fox (1989) found that 10-month-old infants who exhibited right frontal EEG asymmetry were more likely to cry to maternal separation than infants who exhibited left frontal EEG asymmetry. Davidson and colleagues found that adults with left frontal EEG asymmetry were more likely to rate videos in a positive fashion compared to those exhibiting right frontal EEG asymmetry (Tomarken, Davidson, & Henriques, 1990 ). The precise nature of the asymmetry is not known. However, there are data describing the inhibitory connections between prefrontal re-gions and the central nucleus of the amygdala (McDonald, 1998; Morgan, Romanski, & LeDoux, 1995) .
Temperament: Predicting Behavior Across Development
An additional aspect of the definition of temperament is that these behavioral styles represent predictable modes of response. This element of the definition refers to the notion of continuity of the response over time. In order to understand the influence of temperament it is important to define exactly what we mean by continuity and to specify the processes, whether endogenous (e.g., physiology) or exogenous (e.g., parent-child relationships), that might support or discourage continuity. Caspi (1998) discusses five different types of continuity: differential, absolute, structural, ipsitive, and coherence. These five forms of continuity can be contrasted with one another in at least three ways, including whether they describe: (1) absolute versus relative continuity; (2) the same versus different phenotypic expressions of a common genotype over time; and (3) continuity over time at the level of an individual versus a group of individuals. Briefly, differential continuity refers to the consistency of individual differences within a sample population over time and is generally indexed via a correlation coefficient. Absolute continuity refers to the degree of consistency in level or amount of a specific behavior for a group of individuals over time and is indexed by a comparison of group means on the same behavior or attribute over time. Structural continuity refers to the persistence of patterns of correlations among a set of variables or factors, within a population, over time, and is based on analytical methods such a structural equation modeling. The persistence of patterns of relations over time is interpreted as reflecting consistency in underlying or latent structures or processes. The fourth type of continuity described by Caspi is ipsitive, which refers to continuity in the configuration of variables within an individual over time. Essentially, ipsitive continuity is equivalent to structural continuity except it is considered at the level of the individual as opposed to a group or population. The fifth type of continuity described by Caspi is called coherence. Coherence refers to continuity in an underlying genotype or attribute despite changes in the phenotypic expression of the attribute. In Caspi's view, such an approach necessitates a theoretical model of development that allows for a priori predictions regarding the later behavioral outcomes associated with an early appearing trait.
One of the critical issues in assessing the predictive utility of infant temperament is the specification of exactly what behaviors one ought to predict to over the course of time. Clearly, this will influence the definition of continuity to be employed. The first four forms of continuity described by Caspi (differential, absolute, structural, and ipsitive) are similar in that they all describe homotypic continuity, whereas the fifth form, coherence, describes heterotypic continuity. Kagan and colleagues wrote of the distinction between homotypic and heterotypic continuity over thirty years ago based on an analysis of continuity and change in the Fels project (Kagan, 1969 (Kagan, , 1971 Kagan & Moss, 1962) . Homotypic continuity refers to the continuity of similar behaviors or phenotypic attributes over time. For example, one might predict that the same pattern of fear responses to novelty observed in infancy would be found in later childhood. In contrast, heterotypic continuity refers to the continuity of a genotype or common underlying trait despite changes in the phenotypic expression of the tendency. Therefore, heterotypic continuity refers to relations between earlier and later behavior that are based upon age-appropriate and logical associations rather than similarities in exact behaviors. For example, several reports describe the relation between a difficult temperament in infancy and externalizing behavior in childhood (e.g., Guerin et al., 1997; Sanson, Smart, Prior, & Oberklaid, 1993) . Clearly, external-izing behaviors can take many different forms and are not isomorphic with irritable behavior. However, the assumption being made in such studies is that there is a common underlying basis for both infant irritability and children's externalizing behavior such as a dysregulatory state that would affect a child's ability to control their emotions in both infancy and later in childhood.
Whether homotypic or heterotypic continuity will be the focus of any study of change over time depends on both the age-span under consideration and the nature of the behaviors being examined. Kagan (1969) suggested that heterotypic continuity was more likely to be found from infancy while homotypic continuity would be found later in adult life. His reasoning was that infants and children go through multiple contextual changes over the first years of life whereas, in general, adult life circumstances are more consistent. In addition, rapid changes in competence in areas including language, motor control, and higherorder cognition will allow for not only quantitative but also qualitative changes in the way in which temperamental tendencies will be expressed.
There are many complexities to the study of either type of continuity, particularly when continuity is being considered from infancy. Because of the focus on identical behaviors over time, the most precise manner to assess homotypic continuity would be to utilize identical eliciting conditions at different time points and measure similar behavioral responses. The assumption of such an approach is that the stimulus situations will be equally salient at different time points. Although this assumption will be met with most studies of adults, in the study of infants and children one must consider developmental changes in the nature of eliciting events. For example, stimulus situations that elicit fear responses in infancy will undoubtedly change in their salience as elicitors of fear for older children. Similarly, stimulus situations that would not elicit fear in infants may be potent elicitors of fear in older children.
Specifying heterotypic continuity is complex as well, especially when continuity is being assessed over periods of rapid development. The best-defined models of continuity require a priori, theoretically derived predictions relating certain types of infant temperament to specific behaviors in childhood. These predictions ought to be based upon theories of development that would allow one to predict age-appropriate changes in the phenotypic expression of a common genotype. For example, Kagan and colleagues (Kagan & Snidman, 1991) and Fox and colleagues (Calkins et al., 1996) selected infants who displayed a good deal of motor response and irritability in response to novel visual and auditory stimuli during the first year of life and predicted that these infants would display behavioral inhibition and shyness when they were older. This prediction was based upon data implicating the central nucleus of the amygdala and the Central Gray as the neural substrates of fear responses. Arousal of these areas would be expressed as motor reactivity and distress in infancy and anxiety and active social withdrawal in older children.
Influences on Continuity
There are many potential processes that can either support or discourage continuity over time in the expression of temperament. These processes have been thought of as involving transactions between person and environment. Models of personality and social development differ in the emphasis placed upon the person versus the environment in the process of developmental change. Caspi (1998) describes three transactional processes that will influence the degree of continuity in behavior over time: reactive, evocative, and proactive transactions. These person-environment transactions may lead as often to discontinuities in personality as they do to continuities.
Reactive transactions emphasize individual characteristics that impact upon a person's experience of identical environmental condi-tions. Applied to models of early temperament, temperamental traits will affect the ways in which environmental information is processed and therefore interpreted. These temperamentally based biases in responding to the environment may be a powerful force in maintaining and promoting early individual differences. Evocative transactions refer to the manner in which unique individual differences evoke particular responses from the environment. In turn, such responses influence the manner in which the individual will respond back to the environment, establishing a selfperpetuating cycle of interaction between an individual and the environment. For example, infants of different temperaments may evoke different caregiving behaviors from the same parent. Infants displaying inhibited behaviors in response to unfamiliarity may evoke overprotection and over-indulgence from parents, whereas infants who are novelty seeking and sociable may evoke a more balanced caregiving approach. Differences in caregiving style could serve to either maintain or diminish the expression of temperamental differences. The final process, proactive transactions, refers to the manner in which individuals move beyond the environments into which they are born and actively select and construct environments of their own. Much of the work on individual differences in the establishment of close friendships and peer group selection is based on the idea of proactive transactions. It appears that friendship patterns and peer networks are often the function of children with similar behavioral tendencies affiliating with one another, which may facilitate continuity in each of the individual's traits (Hartup, 1996; Kupersmidt, DeRosier, & Patterson, 1995; Rubin, Lynch, Coplan, Rose-Krasnor, & Booth, 1994) . However, proactive selection of peers might also function to discourage continuity of traits. Children may not always seek out individuals of similar characteristics. They may instead attempt to ally themselves with other children with whom they stand the best chance of not being rejected. For example, Suomi (1979) found that low status juvenile Rhesus monkeys often allied themselves with higher status peers to gain acceptance and protection within the peer group.
Evidence for Continuity from Infancy
In our own work we are interested in the temperamental origins of social withdrawal.
Research from a number of laboratories suggests that a significant portion of socially withdrawn children may have a common temperament. The temperamental profile includes high levels of motor reactivity and arousal and high levels of negative affect and crying, particularly in response to the presentation of novel sensory stimuli. We used a typological approach to examine the relation between temperament in infancy and later social behaviors. Specifically, we selected infants at 4 months who represented the extremes on dimensions of both motor arousal and negative affectivity. We wished to investigate continuities in behavior over time for these infants who we believed reflected a particular temperamental type. Details on the selection of the infants in our study may be found in Calkins et al. (1996) and in Fox et al. (in press ).
During our initial screening of 4-month-old infants we noted a second group of infants who also responded with a great deal of motor reactivity to sensory stimulation. However, instead of displaying negative affect and distress in response to the novel visual and auditory stimuli, they displayed positive facial and vocal affect. These infants appeared unique, not simply because of their lack of fear to the stimuli, but because of their apparent joy and pleasure in response to novel stimuli. This group of highly positive infants was included in our longitudinal study because we thought they represented a unique temperamental type. A third group of infants who were simply non-reactive (i.e., displayed neither motor activity nor signs of either negative or positive affect during the presentation of the novel stimuli) were selected as a comparison group.
The approach of our longitudinal study was to identify patterns of heterotypic continuity over a four-year period of time. Although we identified temperamentally reactive infants at 4 months based on discrete motor and affective behaviors in response to sensory stimuli, we assessed toddler and preschool children's responses to novel social situations. Although the nature of the eliciting stimuli clearly changed with age, we reasoned that the stimuli were age-appropriate in their abilities to activate the neural circuits associated with the fear system. Our hypothesis was that individual differences in the threshold for activation of these neural circuits would be expressed as differences in negative reactivity in early infancy and then as differences in social withdrawal at later ages. Therefore, despite phenotypic variation in the behavioral and affective expression of fear, we hypothesized that there would be continuity in the underlying genotype. Thus, the selected infants were assessed over a four-year period of time with both behavioral and psychophysiological measures designed to examine the child's responses to novelty and their autonomic and central physiological levels. At 14 and 24 months, the infants were observed in a paradigm designed to assess their reactions to unfamiliar objects and unfamiliar adults. At 48 months, the children were organized and observed in same gender play quartets. We expected to find continuity in children's response to novelty between 4 months and later ages such that high reactive/high negative infants would display social withdrawal both as toddlers and as preschool children. Overall, we found that patterns of continuity in behavior over the first four years of life were related to the 4-month temperament groups (Fox et al., in press) . Specifically, of the 44 infants selected based on their high levels of negative reactivity at 4-months, 12 (or 27%) were classified as continuously socially withdrawn over the 4-year period. In contrast, only one of the 32 infants (or 3%) selected based on high levels of positive reactivity was classified as continuously withdrawn. And only four of the 39 (or 10%) infants in the comparison group of infants who displayed low levels of motor and affective reactivity at 4 months were classified as continuously withdrawn.
Examination of patterns of continuity in the second temperament type identified (high positive reactivity) revealed an even stronger picture of continuity across age. Of the 32 high positive infants, 15 (or 47%) were classified as consistently exuberant over the first four years of life. In contrast, only four of the 23 infants selected based on their high levels of negative reactivity met the criteria for consistently exuberant behavior. That is, at 14, 24, and 48 months, infants selected at 4 months to fit the temperament profile of high motor and positive reactivity displayed a consistent pattern of novelty seeking, lack of fear of novelty, and sociability.
Together, the data we have reported on continuity of these two temperamental profiles across the first four years of life demonstrate that (a) there is as much discontinuity as there is continuity in the behavioral expression of these temperaments, and (b) the degree of continuity or change may depend on the specific temperamental characteristics under study.
There are obviously many reasons for discontinuity in temperament, or the modification of the expression of temperament, particularly among the group of infants we identified as high in negative reactivity. The most obvious, perhaps, is that environmental pressures within the social context in which children develop provide the structure around which temperamental dispositions will be modified. These pressures may occur at many different levels ranging from the day-to-day experiences and interactions children have with others to more widely held cultural values and beliefs.
We consider two pieces of evidence as supporting these ideas. First, in our own sample, high reactive/high negative infants who continued to display high levels of social withdrawal over the 4-year period of study were more likely to have been in the exclusive care of their parents during the first two years of life. In contrast, infants who were equally high in negative reactivity in infancy but who did not continue to display signs of withdrawal over time were more likely to have been in out-of-home care with at least one non-sibling during the first two years of life (Fox et al., in press ). Second, social withdrawal is not valued within North American culture and there may be pressures within the peer group and family to be more outgoing within social settings. There is evidence to support such a contention from cross-cultural work completed by Rubin and colleagues. Chen et al. (1998) asked parents in Mainland China and in a large city in Canada to rate the degree to which they felt shyness or inhibition was a positive or negative aspect of a child's personality. They found that Chinese parents saw inhibition as a positive aspect of a child's personality, while Canadian parents did not. The percentage of children exhibiting behavioral inhibition in China was significantly larger than it was in Canada. They argued that cultural belief systems support or modify a child's initial temperamental disposition. Together these findings suggest that initial temperamental dispositions may be susceptible to modification by cultural/environmental influences.
There are at least three explanations for the greater continuity within the high reactive positive group compared to the high reactive/ negative group. First, this group may reflect a more 'pure' temperamental type beginning in infancy. That is, there may have been less heterogeneity within that group compared to the group of highly reactive yet negative children. Second, the culture within which the children in our longitudinal study develop appears biased toward sociable, high approach motivated children as would be suggested by the findings of Chen et al. (1998) discussed above. Infants and young children exhibiting these traits are more likely to be reinforced by parents and the environment around them, making it more likely that continuity would be the norm. Third, it is possible that the underlying neural or biological substrates associated with the high positive reactivity temperament are less amenable to change whereas the system involved in fear may be more malleable. As a motivational system, the neural circuits involved in the expression of fear must be linked to discrimination of safe versus dangerous stimuli. As the infant matures these links must be updated to identify new sources of danger and at the same time to modify certain sources that were once thought novel but are no longer. The approach system involved in the behaviors of social interaction, novelty seeking, and behavioral exuberance may not rely on such revision and updating. Hence, the approach system may be less susceptible to environmental influences.
There appears to be significant continuity from infancy when identifying particular temperamental types of infants who reflect the extremes in behavioral patterns. The key to continuity within these temperament types is the homogeneity within the group in behavioral reactions in the infancy period. In the absence of selection of extreme groups and consistency in response it is doubtful that this significant degree of continuity would appear.
